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New magnetic flux flows with Heisenberg ferromagnetic spin
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In this article, we first offer the approach of quasi magnetic Lorentz flux of quasi velocity magnetic flows of particles by the quasi frame in 3D
space. We then obtain new optical conditions of quasi magnetic Lorentz flux by using directional quasi fields. Moreover, we determine the
quasi magnetic Lorentz flux for quasi vector fields. Additionally, we give new constructions for quasi curvatures of quasi velocity magnetic
flows by considering Heisenberg ferromagnetic spin. Finally, the magnetic flux surface is demonstrated on a static and uniform magnetic
surface by using the analytical and numerical results.
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1. Introduction investigated its effects with several measurements. Tomita
and Chiao [3] summarized the previous review of Ross for
The magnetic flux density is an important theoretical modeimore general fiber shapes. Also, Chiao and Wu [4] obtained
for quantum physics, quantum magnetics, and quantum ogn important theoretical phase as a result of geometric phase
tics. Magnetic flux density determines the optical solitonstorque. Haldane defined the geometric rotation of the polar-
for magnetic flux and electric flux density across the symmeization angle in an ideal cylindrical optical fiber without bire-
try. The flux density has been studied by numerous scientistisingence for arbitrary fiber paths in terms of the image of the
from different viewpoints. Lorentz flux is an important sub- path in the tangent vector space [5]. Apart from previous re-
class of the flux density and it is more related to the theory ofearches, we proposed some new approaches to compute the
optical propagation. One can also find a correlation betweerlectromagnetic phase with an antiferromagnetic chain [6-
optical and magnetic soliton solutions of different models by10].
considering the flux density. The geometric phase investigation along the optical fiber
An ideal optical fiber has perfect circular symmetry. Theinvestigation is mostly conducted by observing the action of
polarizations are completely degenerate. Perturbations arelectromagnetic particles and their features. Some nonlinear
imperfections during the fabrication process may introduceevolution structures are frequently encountered particularly
anisotropies, which are mostly of a linear or Cartesian typein genuine-state physics, chemical physics, plasma physics,
Bending and stretching optical fibers does also determine lineptical physics, fluid mechanics, etc. Even though these
ear birefringence. Rotational effects of polarization are dif-equations have been heavily used in many structures, it re-
ficult to produce since their production process has not beequires very hard work to obtain the explicit solutions of ap-
fully comprehended for many cases. proximate systems. Thus, there exists no global or unified
In recent times, the advancement of glowing lasers an@pproach to demonstrate the exact solutions of all nonlinear
the utilization of optical fiber mechanics have increased thdransformation systems [11-23].
importance of flow propagation by curled fluid flows and  The aim of the present paper is to introduce a new geo-
space-curved. Exclusively torque forces of the geometrignetric interpretation of the notion of the Heisenberg ferro-
phase of isolated light anholonomy with some optical fibersmagnetic spin for quasi flows of magnetic particles with the
have been investigated by numerous researchers. For eguasi-frame in the space. Eventually, we obtain new opti-
ample, Smith [1] examined that a torque of the divergencecal conditions of quasi magnetic Lorentz flux by using direc-
of light is generated along with the monochromatic opticaltional quasi fields. Moreover, we determine the quasi mag-
fiber bundle thanks to the magnetic particle’s flows in a cernetic Lorentz flux for quasi vector fields. Also, we give new
tain transformer. Another preliminary geometric effect of theconstructions for quasi curvatures of quasi velocity magnetic
torque of magnetic divergence of light propagating in a magflows by considering Heisenberg ferromagnetic spin. Finally,
netic optical fiber detecting a magnetic trajectory was prethe magnetic flux surface is demonstrated in a static and uni-
sented by [2]. Ross improved a totally geometric system tdorm magnetic surface by using the analytical and numerical
investigate the coiled optical fiber with a fixed-torsion andresults.
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2. Background on the quasi frame

379

& Lorentz forcep of the magnetic field with the quasi-
velocity magnetic particle is given in the quasi frame by the

LetW = U(s) be an arclength parametrized particle in the 3Dgypsequent equations.

space(R, ), i.e. (U - ¥,) = 1. The arclength parametrized
particle is also called a unit speed particle. A unit speed parti-

cle U is called to be a Serret particle|jif’ ;|| # 0. This parti-
cle introduces an orthonormal fie{tl, n, b), which satisfies
the following formulae

Vst 0 k 0 t
Vin | = -k 0 7 n
Vb 0 —7 0 b

We define a quasi fram@?, n?, b?) by only parallel

d(tq) =s1ng + 32bg,
p(ng) = — stq + whq,
¢(bq) -

wherew = ¢(ng) - bg is a sufficiently smooth function and
1, 25 @re quasi-curvatures. Also, magnetic figlds given

by

oty — wng,

B = wtq — senq + 1 bg.

Let a(s,w,t) be the motion of regular particles in space.

transporting to the tangent vector of the frame along with parThe flow of o can easily be displayed seeing as

ticle. The quasi directional frame of a regular particle is given

by

qa_ txm

tq:tv — Ne < 1
[t x ]|

b9 =1t x n9,

Oa

E = ﬁltq + 62nq + ﬁ?)bqa

wherefjy, (2, f3 are tangential, normal and binormal poten-
tials of particle.

& Time derivatives of the quasi frame are given by

wherer is a projection vector and can be selected as the fol-

lowing
m=(1,0,0).

If the angle between the quasi normal veceatBrand the nor-
mal vectorn is choosen ag, then the following relation is
obtained between the quasi and SF frame [24,25]:

tq =t, n9 = cosyYn+sin b,
b? = —sin Yn+ cos Yb,

Therefore, the quasi frame equations are expressed as

Vtgq =s01ng + 202bg,
Ving = — s1tq + s3bg,
Vibg = — s0tq — s3ng,
where the quasi curvatures are
w3 = + 7.

21 = KCOsS, Mo = —Ksiny,

3. Flows of velocity magnetic particles

0
Vitq = (aﬂ; +%1ﬁ1—%3ﬁ3> ng

0
+ (fj B+ %352> by

0

Ving = — (aﬁ; +%151—%3ﬁ3) tq + xbg,
0

Vibg = — (8@3 + 20031 + %352> tq — xng,

wherex = Vinq - byg.
& Differentation of Lorentz forces are obtained by

Vsd(tq) = — (56 + 365 )tq + (3¢, — 32363 g + (5¢) + 321 3¢3) by,
Vip(ng) = —( + sow)tq — (%f + s3w)ng + (@' — s1522)bg,
Vso(bg) = (w1 — ) tq — (@' + s23c1)ng — (%% + wie3)bg.

& Flows of Lorentz forces of the quasi frame are given
by

Vig(tq) = — (”1 {80532 +%151%3ﬁ3]

Os

+ o Pﬁ?’ + 2B + %352] )tq

In this section, magnetic surfaces with the time evolution of

guasi-velocity magnetic partices in 3D space are described.

The time evolution is assumed to be one-dimensional and + (‘9%1 — ) (‘9%2 )b
. . 2X | Dgq + + X as

embedded in the 3D space. Thus, the fundamental geometric ot ot

construction of the flows as surfaces can naturally be induced

by the moving quasi orthonormal frame field.

& Let « be an arclength parametrized particle d&hie
a magnetic field in the ordinary space. We call the particle

Vip(ng) = — (38%151 +w [%ﬁ; + 2023 + %52}) tq

— <%1 [% +%151—%353] + wX) Ng

as a quasi-velocity magnetic particle if the quasi tangent field 0s
of the particle meets the subsequent Lorentz force equation:
ow 003
T 1 Bs + 30231 + 32332 | by,
Vigtq = ¢(tq) = B X tgq. t s
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flux between two distinct points on a given surface causes the
039 exact same angular momentum for the charged particle. As
8t> t opposed to the traditional spectral analysis approach, which
is used to built magnetic flux surfaces at small scales we
_ <8w + {362 +%151_%3/33D ng rather choose to focus on the geometric methods in order to

Vig(bg) = (w P{fj +%151—%353} -

t s avoid the flaws of the aforementioned methbe, the non-
9ps deterministic polynomial of exponential complexity.
- (”2 [35 + o001+ %3ﬁ2} + wX) bq. Magnetico(tq), ¢(nqg), ¢(bq) flux surfaces afford typi-
cal characterizations of connectivity, dynamics, and the spa-
4. Quasi magnetic Lorentz flux surfaces tial structure of magnetic fields, magnetic field connectiv-

ity in the interstellar medium and in the interplanetary and
The magnetic flux equation theory or the theory of flux sys-dynamo problems, in laboratory plasmas, and magnetic re-
tems has had an enormous impact on applied physical argbnnection. Here, the different kinds of magnetic flux sur-
mathematical studies. This framework combines some subtlces are computed through the modifications of the evolution
techniques in nonlinear flux optics, field designs and sigmaquations, which define the motion of magnetically driven
models, fluid dynamics, relativity, and electromagnetic waveparticles and corresponding gradient flows. We mainly con-
theory. In this section, we obtain the condition of quasi mag-sider the orthonormal curvilinear coordinates and derive the
netic ¢(tq), ¢(nq), ¢(bq) flux by using the Heisenberg fer- solution families of the equations of the Lorentz force as-
romagnetic model. These models correspond to the action ¢ociated with magnetic flux surfaces of the distinct kinds.
point charged particles along with the singular magnetic lineé\s will be seen in the next section all three kinds of flux
on the spheres or three-dimensional surfaces. Here, we alsoirfaces formed by quasi-tangential, quasi-normal, quasi-
assume for the rest of the paper that the flow of the magnetibinormal vectors have different configurations and particular

| behaviors.

Case 1. Magnetiop(tq) flux
# The magneties(tq) flux ™ Fy ¢, is given by

m 8%1 6% O %) 8%1
‘7:¢(tq) = g — M3 8t + 1 X as + 3 ﬁ — M2X w
]_'

{%%‘f'%%}{ +%1X} {+%1%3}[ {%32"‘%1/6’1_%3@5}
+%{%+%2ﬁ1+%352 )

3 % - %2%3} [%1{6ﬁ2 %1ﬁ1—%3ﬁ3}
s

+%2{8863 +%251+%3ﬁ2}] —{%er%%}{aaj?—%zx} )dﬂ

Magnetica(tq) flux ™ Fy ) is given by

— i1y

"Fo(ta) /fB-Vsqb(tq) X Vi (tq)dm

With short calculations, we obtain that

Vsd(tq) x Vid(tq) = ([581;1 - J42%3} [(98%]52 + %1x] - [8522 + %1%3} [aa%tl - %2X]>tq
+ ({%%F%Q} {aat + %1)(] {8522 + %1%3} {%1{662 +%151—%353}

+ 319 {;S + 21 + %352}]) ng + ({85;1 - %2%3] [% {8862 +%151—%353}

+ %2{8;83 + 2001 + %352}} - [%%—i_%%] {88};1 a %2X}>bq‘
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Magnetic flux density ob(t) is given by

m 8%1 3%2 8%2 0%1
£¢(tq) = s 13 ot + x| — s + s13e3 ot 02X | |w
0 0 0
— < [%ﬂ%%} [3};2 + %1)4 — {8%52 + %1%3} [%1{3@2 +%1B1—%363}
0 0 0
+ 7o i) + 2201 + 5302 4 |2~ | | 5a 98, 301 51— 333
ds ds ds

+ %2{885; + 20201 + %352” - [%%‘*‘%5] [a(;:l - %2)4 > .

Moreover,¢(tq) flux is obtained in the following way

m 011 01y Oy 0211
}"¢(tq) = / (H&s - %2%3}{01& + %1X} - {88 + %1%3}{t - %2XHW
_7:
0 0 0
— 3 H%%Jr%%}{a%; + %1X} - {6%52 + %1%3}{%1 {8652 +%151%353b
0 0
4 s W O +e1 81— 303
Js s

+ 5 (8&; + 231 + %352])} - {%%‘F%g}{ag? - %2XH %1> drm.

0

+ 50 (aig + 2231 + %352])}

Os

From the ferromagnetic model, the flux density is given by

ML = B Vib(tq) X dltq) X Vid(tq)-

Similarly, we can obtain that

Vao(ta) X 6ltq) X V20(tq) = ([%; sl | 5o (2 4 ) o { b s}

8%2
+ o —(——— + 1 33

0 O O
95 + [5h + se1503) 500 {88{%% + 2} + %1{881 — %2%3} + %2{832 + %1%3H>tq

0 O O 0 | 0
+ (%1 {6‘5{%% + %%} + %1{651 — %2%3} + %2{852 + %1%3}} [%f + %3] + [y + 501 523] [%1{35{ 852

0 0 [0 0
s ] {5 ) {2 ) ] o

381

— + %1%3-‘

0 O O 0 [ 0
+ ([%f + %%]%2 [83{%% + %%} + %1{(951 — %2%3} + %2{852 + %1%3}] — [} — re9323] |:%1{8S ’7852 + %1%3-‘

O 0 (0 O
_ f;{f —|—%§W%2 + 313 [a; — %2%3“ } — 319 |:({98{881 — %2%3} + %3{832 +%1%3} + {%f +%§}%1}})bq.
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Similarly, ferromagnetic magnetig(t) flux is given by

m et 0 O O
.7:(;(1;:) = /]: <w |:{%i - %2%3}%1{88(%% + %g) + 21 ‘(881 — %2%3»4— V9] {882 + %1%3])}
0 0 g
+ {%/2 + %1%3}%2{88(%% + %% ) + 2 ‘(8}(31 — %2%3b+ 9 ([6};2 + %1%3}}]

0 0 0
— 9 [%1{88 (52 4 53) + ({8%81 - %ngbJr o {8%82 + %1%3])}{}% + 53} + {5y + s 223}

% 0 6%2 + _[ 2+ 2] + 8%1 _ _ 0 8%1 _
sl % E 13 q N EP) 3 E Mo 3 9 % g Mo 13

K2 0 O
+ 313 a—; + %1%3} + [%f + %%]%11)}} + {{%f + %%}%2{68 (%f + %%])—l— P (6; — %2%3JD

0 o [0 0
+ 29 % + %1%3}} —{ — %2%3}{%1 ‘[88 {8%82%1%3 } - [%f + %%]%2 + 313 {8%81 — 913 } ])

o [0 0
— 29 s {6%81%2%3} + 23 ‘|:8%S2+%1%3:|> + [%f+%§]%1])}]>d7r.

The magnetie(tq) flux surface condition is given by

9 R B 9=
gs 8| |Tar TN gs B | Tar TN )

0 | 0 0
— o ((%%4’%%) |:(;tt2 + 11X | — |:8%52 + %1%3:| [%1{(,552 +%1ﬂ1%353}

+ %z{aaﬁj + 20231 + %sﬁz} ) + ([8;; - %2%3} [%1{8;52 +%151—%353}

P ] 0
+ %2{8653 + 200 + %gﬂg} — (s3+43) [;tl - %2)(})%1 =0.

The magnetie(ty) flux surface is given by the ferromagnetic condition

0 O O
w([%i — 9303701 {85{%% + 2} + %1{851 — %2%3} + %2{352 + %1%3}} + [y + 501 763) 502

X L;Z{%% + 5} + %1{68};1 - %2%3} + %2{68%82 + %1%3}]> — 2 <%1 [888{%% + 553}

— (567 + 353)300 + 323 (88}? - %2%3>} - %2{885 (8{;1 - %2%3b+ 3 ({8522 + %1%3])
+<%%+%§>%1}D 4o ([%%+%§]%z[i{%%+%§}+m{%? s p 4 2 b
— [56] — 233 {%1{55 ‘[6:;: + %1%3))— (e} + 363) 502 + 353 {63%81 - %2%3))}

g (0 0
— %2{85(5%81 - %ngJD—i— 23 {8%52 + %1%3}—1— (%f + %%)%1”> =0.
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FIGURE 1. The magnetic flux density with Lorentz forggt).

The magnetic flux density and flow lines in the axis is represented by quadrupole magnets under the action of the Lorentz
force ¢(tq). The magnetic flux density on time of flight is fed to the particle tracing algorithm by a logical expression. Here,
the intricacy of the magnetic flux surface is demonstrated in a static and uniform magnetic surface by using the analytical and
numerical results. To obtain the visualization of the evolved systems of the mag(gicflux we use the basic numerical
algorithms to solve the above equations at Matlab and Comsol software. This technique presents a new approach to formulatin
the relationship between local frames of reference and flux coordinates in Fig. 1.

Case 2. Magneticp(ng) flux

The magneties(ng) flux ™ Fym, ) is given by

m]:¢(nq) = / <H8EZ - %1%2}{%1 ‘(3822 +%1ﬂ1—%3ﬂ3JD+ wx} - {%%—f—%z;ﬂ}
].'
{6(;? - (885;’ + 5021 + %352})}]73 — Haa};l + %gw}{aétﬂ

— {aaﬁj + 0231 + %352}} — {aaf - %1%2}{881? + w(aais + 20281 + %SﬂZJD}}
+ Haail + %2@}{%1 ([88% +%151—%3ﬁ3))+ WX}

_ {%%—i—%gw}{ag? + w(aaﬁ;’ + %2/81 =+ %dﬁgb}] ) dm.

Firstly, we compute that

0|0 0
V%gb(nq) = (%l[%1+%3w] % |:6%51 =+ %2w:| — X9 |:£ — %1%2:|>tq
0. 5 Ow
_ %[%14—%313} + D5 + 29w | 201 + 223 55 nig| |ng
8 8w 8%1 2
+ 55195 19| — 55 + 200w | 309 — [s]+ 23w 53 | bg.
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Then, it is easy to see that

0 0 0
d(nq) X V.*6(ng) = (as[%ﬂmw} * [5? * ”W] s {af ) WQD“*

0 (0w (9%1 { 2 }
+ | 21 78 75 — A1 ¢ — 78 + oW p o — q +%3w 3
{ 2 } 1o} ()%1 Ow
+ @ | {trw} — 551 95 + 2900 p — I B 1 ng
4 iy PO 4 ad 4 4 - _ b
| g5 [Patew L T | oo — a-
It is also true that

Vip(ng) = — (8%1 +w [Bﬂg + 281 + %3/82:|>tq - <%1 [862 +%1/31%353] + wX) ng

ot 0s 0s
0 0
+ <£ — {8633 + 20081 + %352]>bq-

Thus, we can easily obtain that

Vso(ng) x Vip(ng) = <[88f — %1%2] [%1{88632 —l—mﬁl—%gﬁg} + wx] — (%%"‘%3@) [aa??

- %1{(9;53 + 3003 +%352H>tq+ ([8@};1 —i—%zw] [881? - %1{8583 + 5021 +%352H

- [&D - J41%2] o +w [863 + 20051 + %352] > ng + ([c’?%l + %QZU] [%1{% +%1ﬁ1—%3ﬁ3}
s s 0s Os

As aresult, we reach the following identities

0 3] 0 3]
"Lomg) = <[£ - %1%2} [%1{8% —i—%lﬁl—%gﬁg} + wx} — (4 s3w) [; — %1{;53

+ 200 Jr%aﬂz}])w JQ({&@%; +%2w] [gj{;tﬂ — %1{88/6;3 + 20051 Jr%SﬁzH

0 0 0 0
- {af —%1%2} {5? +w{8ﬁ;’ + 3021 +%352H> +%1<[;; +%2w:|

X {%1{%% +%151—%3ﬁ3} + WX] — (s +3w) {38%; + w{aasg + 2005 + %SﬁQH).

By ferromagnetic spin fop(n), we obtain

LIS = B V.d(ng) X d(ng) X V26(ng).
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Therefore, under the assumptions of the Heisenberg ferromagnetic model, it can be computed that

V. 6(nq) X 6(ng) X V2 6(ng) = — ([%% T [ {24} + {‘9? T m}m

0
+ 8£ _ + [ ! ] 9 8£ _ _ % +
M3 as VAWLD) w VAR IREAL as as AWLD) as Mo TO (|72

0 (0
- (%%4‘%3@)%3} + W{%l(%f—l—%gw) ~ 95 ‘{%51 + %273])_ oo | —

+ 2{ s} + el TN [3] + 202w + [@' — 36150]
sl Ds M THAIW Ds HQTO p 1 3 Ds VAP q Mo TWO w VAVP)

xw| 2 iy + {08y TN (@] 2 2405}
w Ds AT HIW Ds MoTO ¢ 1] M3 Ds 12 g w Ds A THIW

I i N 32 + s3] — [, + 3000 9 (9= _
83 HQTO 11 3 88 AVP) q 3w q W | | 1 83 88 AV

385

_ b + — ( + ) + ( + ) _ g % + aﬂ _ b
Ds M TO ||312 %1 M3TW )73 wAs 71 %1 3w Ds Is HQTO || — 22 Ds VAP q-

Similarly, ferromagnetic magnetit(ng) flux is given by

erto a 8
qfﬁ(nq) / ( [{%% + %3w}%1{88(%%+%3w) + (8%31 + J{QWJ)%l
‘F

+ aﬂ _ + [ I ] g 6£ _
M3 83 132 w M| | 38 as AW

a 1 5‘ 8%1

_ ‘{83 + %2w])%2 (%%+%3W)%3} + ’W{%l(%1+%3W) ~ % (68 + %gw])

_ 82_ _ g{ 2_|_ }_|_ %+
%) 88 VAYP) Mo | 1 (98 M| THAIW 68 HTO p 1

0 0
[5] + s00w] + [@ — r100)w | = {3 +rw} + sl How 11
| 0s s
N )+ 0 sy + {2
M3 Ds M1 ] | w Ds A THIW Js HTO ¢ 211

[t 4 5] = 1y 4 sl { o7 (5 - 1)

0s \ Os
0 0 (0
_ (3%81 + %273))%2 (%%—F%g)%g} + w{%l(%f+%3w) ~ % ( 8%51 + KQWJD
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The condition of magnetig(ng) flux surface is given by

([%z: - %1%2} {%1{8;92 +%1ﬁ1—%353} + WX]

— [+ 23w [%T - %1{%583 + 20931 + %3ﬁ2}:|>w

_ %2([8%1 + %zw] [aw - %1{863 + 2021 + %3»32”
s Os

_ [5@ — %1%2} [8%1 + w{% + 3001 + %3ﬁ2}D
S 0Os

+ 0 ([8};1 + %zw] [%1{%[12+%1/31%353} + WX}

— [ +e5w] [8%1 + W{a;;’ + 5021 + %352”) = 0.

The magnetie(ng) flux surface is given by the following ferromagnetic condition

9 0, 5 01 Ow
—w| [s + s3]0 g{%l—‘r%g’KU} + s 4 2090 p ity + 33 55 201 3

, 0 (0w 0y 9
+ [ — s1300] | 5 A 1309 || — s + 300w |pra — (36 +303w) 523

( 2 ) ) 0 ()%1 Ow
+ @ 20 (5 +oe30) — FA + 200w || — 209 FCte
_ 7{ 24 } T g + + -z [ f }
o | 11 88 %1 r3 W 88 M TO ¢ 211 3 88 132 %1 MO
[ ' ] { 2 } “
+ W AV I 85 %1 +%3w + 88 + MTI ¢ 11 + 3 88 VAWLD)
) { ? } 9%1 ) [ q ]
+u|lw s 43} + S + 209w p i + 23 - | b + s

o (0 0
_ [%/1 + 0w [%1{35 (af — %1%2JD — ‘{8%31 + %2w))%2 - (%%"‘%37’)%3}

2 0 8%1 Ow
+w %1(%1%—%313)—% g—i—%ﬂﬂ — 39 g—xlxg =0.

We consider the similar method as in the first case to extract the following demonstration. In Fig. 2, the magnetic flux
density of the particle is shown when it is assumed under the action of the Lorentzfarge
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m
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FIGURE 2. The magnetic flux density with Lorentz forgéng).

Case 3. Magneticp(bg) flux

The magnetie(bg) flux ™ Fy ) is given by
0 0
" Fobg) = / (w [{8—:) + %2%1}{%2 (% + 0201 + %3ﬁ2))+ WX}
F

- {%g+w%3}{6_w + o ‘[% +%151—%3ﬁ3])}]
— 303 H g wm}{%z (— + 06 + %3ﬁ2}[]+ wx}

- {%§+WJ¢3}{ (aai +ie1 81— %353}— %H

+ [{%—f + %2%1}{13' {% 40181 — %3,33])— %}

- {aa_ltﬂ + s (% +%1ﬂ1—%3ﬂ3}}{ — % +WJ{1}:|)CZ7T

With short calculations, we have

Os 0

[%? + {% +%1ﬁ1—%3ﬁ3}])tq + <[— % +w%1] [%2{%

+ 20231 + %352} + WX] — (563 +23) [W{% +%1ﬂ1—%3ﬁ3}

e (e )21
_ [88? + o {% +%1ﬂ1—%3ﬂ3}] [_ % + wm]>bq.
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Vsd(bg) x Vid(bg) = ([a_w + %2%1] [%z{ﬂ + 2201 + %352} + wx] — [ i)
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Flux density ofg(bg) is given by

0 0 0 0
"Lg(by) = w({@f + %2%1} {%z{aﬂ; + 20231 + %352} + WX} - [%gJFWKS] {(;tﬂ + %z{aﬁ;

+%151—%353H> — ( [ - % + wm} [%2{853 + 21 + %aﬁz} + WX]
s 0s
— [ +wa] {W{%% +%151—%353} - 8;;}) + m({%{j + %2%1} {w{aaﬁj

+%151—%353} - 88};2} - {%ztv + 5 {88682 +%151—%353H {— % + me.

Using the above equation in phase, we obtain that

"Fotoa) = / ( H B %2%1}{%2 ‘[ + 50201 + %3/32]D+ wx} {%2+wx3}{ 88??
F

o {585 +%151_%353])H — 0 H O + wm}{m (853 + 3021 + %352}
s 0s
n WX} - {%§+w%3}{w( aﬁ —|—%1ﬁ1—%3531) 88]? H + Ho;z: + %2%1}{ (88532

+%151—%353b— 85?} {68? + 22 (aaﬁ +%1ﬁ1—%353JD}{ - % + W%1H>dﬂ-

Also, ferromagnetic model fag(bg ), we get that

"L = B Vd(bg) X d(bg) x Vid(bg).

By using the quasi frame, we have
2 0 Ow
Vs¢(bq) X ¢(bq) X thd)(bq) = | »2 |22y — s + Wi s + o1 o3
0 0 O Ow
— ag{%%—&—wzg}] [%% + wies] — [@ + o] [w{as ‘[— 8782 + wzl))—l— {88 + %gzlbﬂl
+ (B4 ) O, _ 0 (0=, + () t
Ao TWIHZ )Mo 12 Is Wi |1 9s \os ¥l %2 Ty )3 q

— | [ws1 — ]| @ 2 — @ 4w ||+ a—w + 29011 ey + (%%erxg EZS
Js 0s 0s

B _8%2+ _88w+ + 24 )
o) g Wi |1 $a Mot HoTTWHZ § 13
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Also, we find that

my ferro O Ot 9
L;(bQ) ) w<%2 [%2{ - 3782 * w%l} - {38 * %2%1}%3 - ag{%§+w%3}:| (565 + w3e3]

o+ 9 ( 9= 0= 2
9] | s s + o ||+ s + 309311 |pry + (55 +05e3) 329

- - 79%2 95U os ( 2 ) [ /]
%) " + @i | " . + 29011 ||+ (055 +03e3) 523 + o1 | [ — 35500
X ;{2 ) 9 { 5 } [ ' ]
%) S + win S + 209011 p 3 S 5 +T0 3 W+ o || 2o
X 9%2 9 ) { 5 } [ /] 9
. + wi 5 + 309011 p 13 . 25+ 3 + 30| | — | | S

0o Oow 9 02
XN — ==+ ||+ (|5 + 2001 |par + G5 +wses)seg p — 3009 | — = + @i
Os Js Js

0 (0

_ 2= + a0y ||+ B+ waes)ses o | 4[24 + won]w | 304 — % + i
Js \ Os 2 2 Js

— 8£+ ,2{ 2+ }
Is Mot 3 Ds Hoy TWIHI .

Thus, we immediately obtain that

m]_-fettﬂ _ / @ | 29% 20| — % + o || — aﬂ + 29107 |pe3
¢(bq) ds 0s
].‘

0 0 0
- &9(%%+W%3)}{%§ +wz} —{w + %2%1}{73([ { — % + wzl}

Js
L + {34 f o | - _Om
Js Mo [ M Ao TWIHI [ 2 V%) Js Wi 11
0 0w
-, {85 + %2%1} + {%§+w%3:|'%3})}:| + 1 [{wxl — b o

% — % + — aﬂ + _ g( 24 )

o) Ds Wiy Os Mo 1 ||Pr3 Ds HoTTWH3
— {w' + %2%1}w o || — % G+ i || — aﬂ + 2930 23

s 0s

0 0 0
— 8(9(%%—4—@%3)}} + 319 {{wzl - %é}{w(as { - 8752 + wzl}
Ny LB Foa) - s ] - 22+

E Mo [ M Ao TWH3 [ 2 o) g Wiy 1

0 [0w

~ 5 {65 + %2%1} + {%§+w%3]'%3J)} + {5 + W%i%}w{m

O Jw 0
X (— 8752 + w'%l}b— ([83 + %2%1))%3 — ag(%%—&-wz;;)”)dw.

Rev. Mex. 5. 67 (3) 378-392

389



390 T. KO RPINAR, R. CEM DEMRKOL, Z. KO RPINAR, AND V. ASIL

The magnetie(bg) flux surface condition is given by

w({@w + %2%1} {%2{863 + 20081 + %352} + WX}
0s Js

— [543+ 23] [acf;tﬂ + %2{8;: Jr%lﬂl%?aﬂs}])

— %2([— % + wm} |:%2{8ﬁ3 + 20501 + %3ﬁ2} + wx]
s 0s

— [543+ 23] [w{%ﬂ; +%1ﬂ1—%353} - 6;2])

+ 2 ([%?j + %2%1:| [w{éziz +%151—J{3ﬁ3} — 65?]

- [8874-%2{88@2 +%151—%3ﬁ3}] [— 85‘;2—&-13%1}) =0.

The magnetie(bg) flux surface is given by the ferromagnetic condition

» —%—l— np — 82—}—%% —Q{Jf—&— s} | [ + ]
W\ 9 2 88 Wiy as 231 M3 88 2 w3 %2 Ty

0 0 0
_ [w’ + %2%1] [w{as ‘[— % + wxl])—i— (ﬁf + %2%11)%1 + (%§+w%3)%2}

0o 0 (0w (2 ) [ A
A Bl e + e |pey — A + 209501 ||+ (55 +oe3) 523 + o0 | [ — 565500
X 9%2 2 ) {4 H - = ] )
7 " + win . + 29311 p 3 S 5+ @'+ 3301 | | 522 . + win
2 2 {4 ¥ [ )] 2 9%2
. + 39511 p 3 S 5+t + 00| [ — 5] |w . . + @i

+ aﬂ+ +( 2+ ) _ ,%4, fg a£+
Js Mot |PPr1 Ao TWIZ) A2 %) Ds Wi |1 9s \ s M1

0 0 0
+ (%%4—72%3)%3” + [ + was]w {%2{ - % + wxl} - {87: + %2%1}%3 - as{%§+w;f3}]> =0.

We consider the similar method as in the first and second case to extract the following demonstration. In Fig. 3, the magnetic
flux density of the particle is shown when it is assumed under the action of the Lorentzfbige
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FIGURE 3 . The magnetic flux density with Lorentz forggby).

5. Conclusion vestigate the directional flows of magnetic particles. Another

purpose of future studies will be to explore the unified formu-

. . . . lations of the systems composed of arbitrary dyons, magnetic
Flows perform an essential part in geometric design and style : ; . . ;
dnd electric charges of manifolds with magnetic flux lines.

. . . S NaVihe magnetohydrodynamic model of the magnetic surfaces
investigated a different approach by considering the direc- . e :
. . . . reduced from the magnetic flux surfaces of distinct types will
tional flows of the velocity magnetic particles and the quasi ; : . .

. . .. also be the subject of another project. This project eventually
frame. We have provided several different characterizations.

of curvatures regarding plenty of differential equations iqdims to investigate significant features of the flux maximizing

g .and minimizing flows.
space. These characterizations may further be used to i d g flows
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